Ethnopharmacological relevance: Date fruit, Phoenix dactylifera L. has 9 traditionally been used as a medicine in many cultures for the treatment of a 10 range of ailments such as stomach and intestinal disorders, fever, oedema, 11 bronchitis and wound healing. 12
Hydroxy benzoic acids (HBA) 229
Hydroxy benzoic acids are derived directly from benzoic acid and structural 230 variations are a result of hydroxylations and methoxylations of the aromatic 231 ring. The most common HBAs identified in date fruit include p-232 hydroxybenzoic, vanillic, syringic, protocatechuic and gallic acid (Fig. 1a) . The 233 first three acids are constituents of lignin and it is generally assumed that 234 plants lacking lignin lack these acids (Macheix and Fleuriet, 1990 
Hydroxy cinnamic acids (HCA) 252
Hydroxy cinnamic acids are derived from cinnamic acid and are present as 253 combined forms of four basic molecules: p-Coumaric, caffeic, ferulic and 254 sinapic acids (Fig. 1b) . Coumarins are also derived from HCAs. There are 255 numerous coumarins known in nature, and they are essentially lactones 256 derived from O-hydroxycinnamic acids by cyclisation and ring closure 257 between the o-hydroxy and carboxyl group (Macheix and Fleuriet, 1990 HCAs are present in fruits in combined forms, and only few exceptional 265 situations result in the accumulation of the free form (Tsao, 2010 including date fruit approximating an average of 10 mg / 100 g (Vayalil, 2012) . 272
Caffeic acid consists of approximately 75% of the total HCA in most fruits 273 (e.g. apples, tomatoes, plums) and is the major representative of the cinnamic 274 acids. p-Coumaric acid is also present in a majority of fruits, but is less 275 abundant than caffeic acid. Ferulic acid consists of a small quantity of HCAs 276 in fruits with the exception of peppers and white grapes where its 277 concentration exceeds 50% (Macheix and Fleuriet, 1990) . 278
In addition to their synergistic effects, phenolic compounds and flavonoids, 279 often exhibit pleiotropic effects that in combination may reduce the risk of 280 chronic disease. For instance, curcumin, the active constituent of turmeric 281 (Curcuma longa), a root vegetable, has been shown to be beneficial in all 282 three stages of carcinogenesis (Thangapazham et al. 2006 
Tannins 313
Tannins are plant polyphenols that function to precipitate proteins from 314 aqueous media (Hammouda et al. 2013 ). They are sub-divided based on their 315 structure; namely hydrolysable tannins and non-hydrolysable tannins or 316 condensed tannins. Tannins have a number of hydroxyl groups, which give 317 them the ability to bond reversibly with polysaccharides, proteins and 318 alkaloids (Macheix and Fleuriet, 1990 ). This bonding occurs during the 319 development and maturation of date fruit or during fruit processing. 320
Hydrolysable tannins are complex polyphenols that can be degraded into 321 sugars and phenolic acids under hydrolytic conditions. Hydrolysable tannins 322 are polyesters based on gallic acid and or hexahydroxydiphenic acid ( The primary function of tannins is in plant defence (Fraenkel, 1959 
Medicinal Properties 358
The use of date fruit or date fruit concoctions in the application of illness and 359 disorder treatment stems from traditional use. Pollen grains of Phoenix 360 dactylifera are mixed with bee-honey and ginger to increase fertility in Sudan 361 (Khalid et al. 2007 ). In Palestine, consumption of 3-4 date fruits daily is 362 administered for memory increase (Daoud, 2008) . "Hurma coffee" from date 363 fruit seeds is an herbal coffee consumed in Turkey for memory enhancing 364 purpose (Sekeroglu et al. 2012 ). In Mauritius a decoction of a cup of date 365 leaves consumed for 1 week to reduce hyperglycemia (Mootoosamy and 366 
Anti-inflammatory activity 377
The anti-inflammatory activity of various parts of Phoenix dactylifera have 378 been evaluated (Shabani et al. 2013; El Arem et al. 2014) . Phoenix dactylifera 379 has been traditionally used to treat inflammatory associated disorders such as 380 asthma, oedema and stomach and intestinal disturbances (Yasin et al., 2015) . 381
It has also been incorporated with commercial ibuprofen and paracetamol as 382 a pain reliever (Maryam et al. 2015; Sani et al. 2015) . Current literature 383 focusing on date fruit's anti-inflammatory activity are outlined in Table 3 , it is 384 evident that both in vivo and in vitro, date fruit has anti-inflammatory activity, 385 strongly linked to secondary metabolites and antioxidant behaviour. 386
Date fruit flesh exhibited significant neuroprotection against oxidative stress 387 and neuronal damage induced by bilateral common carotid artery occlusion 388 (BCCAO) with reductions in glutathione, glutathione reductase, and 389 glutathione peroxidase (Pujari et al. 2014 percentage polyphenol absorption rate, the interaction between date fruit 447 polyphenols and the gut microbiota induce bioactive behaviour. 448
Anti-angiogenic activity 449
Angiogenesis is a process involving the growth of new blood vessels from 450 pre-existing vessels (Oak et (Table 4) . and date syrup and mechanistic activity appears to occur at the protein 511 expression and genetic level initiating an anti-inflammatory and anti-512 angiogenic response. 513
Antimicrobial activity 514
A common traditional use for date fruit is the treatment of various infectious 515 diseases with etiologies involving microorganisms. Numerous studies have 516 investigated solvent extracts and preparations of date fruit for its antimicrobial 517 potential, which is summarised below and outlined in Table 5 reactive oxygen species generation due to the formation of highly reactive 588 quinones that participates in the Fenton reaction, whereby the inherent SOS 589 system of bacteria are unable to effectively manage. 590
Conclusions and future directions 591
Date fruit is a commodity that is frequently consumed and prescribed in 592 various ethnomedical systems especially throughout the Middle East. This 593 review outlined the botanical nomenclature and summarised the 594 phytochemistry and medicinal applications of date fruit (Phoenix dactylifera) at 595 the Tamr stage. A robust body of scientific evidence has enabled the 596 emergence of an evidence base on which the medicinal properties of date 597 fruit now stands, but despite this it is clear that much remains to be 598
discovered. 599
Ethnomedical evidence has demonstrated the traditional use and application 600 of date fruit as a medicinal agent to treat inflammation, infection and disease. 601
It is becoming increasingly apparent that polyphenols mediate many of these 602 effects. These findings verify the traditional applications of Phoenix dactylifera 603 in the treatment of wounds, fever, stomach disturbances and oedema. Table 1 . 1193
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